Identification and characterization of an Nrf2-mediated ARE upstream of the rat glutamate cysteine ligase catalytic subunit gene (GCLC).
The antioxidant response element (ARE) is an essential component of upstream regulatory sequences present on genes for most phase II detoxification enzymes, including the glutamate cysteine ligase catalytic subunit (GCLC). NF-E2-related factor 2 (Nrf2) is a principal transcription factor that binds to the ARE and plays a key role in cellular responses to stress via the Keap1-Nrf2-ARE pathway. However, the ARE that mediates human GCLC gene expression has not been found in the rat. Thus, how the ARE-mediated Keap1-Nrf2-ARE pathway regulates glutathione homeostasis in the rat remains a puzzle. We have identified a putative ARE sequence approximately 4 kb upstream in the rat GCLC. We further defined the rat GCLC-ARE in the category with the most ARE characters, that is, this rat GCLC-ARE is a sequence-specific site that significantly enhances promoter activity in reporter genes. The rat GCLC-ARE is an Nrf2-mediated element to which binding has been demonstrated in nuclear extracts and induced by tert-butylhydroquinone. Given the central role that rat models play in toxicology and pathology, this first discovery of the rat GCLC-ARE enhancer similar to that found in the human gene has broad implications for the study of antioxidant defenses and their regulation in a number of different fields.